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(54) Plasmids containing DNA-sequences that cause changes in the carbohydrate composition 
in plants, as well as plant cells and plants containing these plasmids 



(57) Plasmids are described having DNA sequenc- 
es that after insertion into the genome of the plants 
cause changes in the carbohydrate concentration and 
the carbohydrate composition in regenerated plants. 



These changes can be obtained from a sequence 
of a branching enzyme that is located on these plas- 
mids. This branching enzyme alters the amylose/amy- 
lopectin ratio in starch of the plants, especially in com- 
mercially used plants. 
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Description 



[0001] The present invention reiates to plasmids containing DNA-sequences 
insertion into a' p.ant genome, cause changes in the carbohydrate concentrator 

regenerated plants, as well as plant cells and plants conta.n.ng sequences from these P lasm ' dS m . 
0002] Because of the continual growth in word population, there is a continuaHy growing JV^^ 
raw materials. It is the task of biotechnological research to achieve a change of the content as well as y.elo crop 
To do this the metabolism of the plants has to be altered. materia i o OU rces e a for the 

[0003] A particular interest is the possibility of using p.ant ingred,ents as renewable raw mate nal r"^*J£J 
chemical industry. This is especially of great importance for two reasons. ^JJ^SE^^J^ 
have been the main source of raw materials for the petrochemical .ndustry but these depos.ts are 
seen that alternative, renewable raw material sources must be developed^ 

[0004] Secondly, the present situation of agriculture in Europe and North America .has lead to ,a * 
grown for their nutritive properties. This causes obvious financial and political problems in agncuiture. Alternate proa 
ucts for which there is a higher quantitative demand could be a solution to ttw mon di 

[0005] Renewable raw materials can be divided into fats and oils, proteins and <**°**""* ' gV* S starch 
oligo- and polysaccharides. The most important polysaccharides are starch and cellulose. In the EEC, the total 
production in 1987-1988 comprised maize (60%). wheat (19%) and potato (2 ^ ft 
[0006] For an increasing use of plant starch as an industrial raw matenal the quality o (the ^ ™ st 
demands of the processing industry. Important considerations include the amylose to amylopectin ratio, 
.ength, the branching grade of the amylopectin as well as the size of the starch starch 
[0007] The main biochemical synthetic pathways for the production of starch in h.gher plan* ' ^ wen kt «w 

oenes or groups of genes are known (Gasser and Fraley, Sc.ence 244, 1 293-1 299) The P°ssioiiiiy ° v k 
Son oi fo?eign genes inserted in the plant by gene technology, primarily in potato tubers, ,s also known (EP 375092 

SSr^eSntionfu 

to whole plants, as well as plants containing sequences from these plasmids. 

[0010] The term "plant" means a commercially useful plant, preferably maize, bariey, wheat, nee, peas, soya beans, 

sugar cane, sugar beet, tomato, potato or tobacco. nnivsaccharides Starch 

[001 1] Carbohydrates which can be altered by the DNA sequences are mono- di-, oligo- or polysaccharides, fcta 
is an example of a polysaccharide which can be modified in plants and plant cells 

00121 WUh the plasmids of the invention, it is possible to modify the amylose to amylopec t.n rate d £j*«*nn 
Sent Llsand in plants. This is possible through the presence of a branching enzyme, located on the p.asm.d, wh.ch 
has the following sequence (Seq ID No.1): 
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1 TCA6GAGCGG7C77GG6A7A777CT7CCACCCCAAAA7CAAGAG77AGAAAA6ATGAAAG 

61 GATGAAGCACAG77CAGC7A777CC6C7G7777GACCGA7GACAA7TCGACAA7GGCACC 

1 2 1 CCTAGAGGAAGATGTCAAGACTGAAAA7ATTGGCCTCCTAAATTTGGATCCAACTTT6GA 

181 ACCTTATCTAGATCACTTCAGACACA6AATGAA6AGATATGT6GATCAGAAAATGCTCAT 

241 TGAAAAATATGAGGGACCCCTTGA6GAATTTGCTCAA6GTTATTTAAAATTTG6ATTCAA 

301 CAGGGAAGATGGTTGCATAGTCTATCGTGAATG6GCTCCT6CTGCTCA66AAGCA6AAGT 

361 TATT6GCSATTTCAATGGTAGGAACGGTTCTAACCACATGATGGAGAA66ACCA6TTTGG 

421 TGTTT6GAGTATTAGAATTCCTGATG7TGACAGTAAGCCAGTCATTCCACACAACTCCA6 

4 8 1 A6TTAAGTTTCGTTTCAAACATGGTAATGGAGTGTG6GTAGATC6TATCCCTGCTT66AT 

541 AAAGTAT6CCACT6CAGACGCCACAAAGTT7GCA6CACCATATGATGGTGTCTACTGG6A 

601 CCCACCACCTTCAGAAA6GTACCACTTCAAATACCCTCGCCCTCCCAAACCCCGAGCCCC 

661 ACGAATCTACGAAGCACATGTCGGCATGA6CAGCTCT6AGCCACGTGTAAA77CGTATCG 

721 TGAG777GCAGA7GA7G7777ACC7CGGA77AAGGCAAA7AAC7A7AA7AC7G7CCAGT7 
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GA76GCCA7AA7G6AACA77CT7AC7A7GGA7CA7T7GGA7A7CA7677ACAAAC77777 
TGC7G7GAGCAA7AGA7A7GGAAACCCGGAGGACCTAAAG7A7C7GA7AGA7AAA6CACA 

TAGCTT6GGTTTACAGGTTC7GGT6GATGTA6TTCACAGTCATGCAA6CAATAATGTCAC 
T6A7GGCCTCAA7GGC777GA7A77GGCCAAGG77C7CAAGAA7CC7ACT77CA76C7GG 
AGAGC6A6GG7ACCA7AAGT7G7GGGA7AGCA66C76TTCAACTATGCCAA77GGGAG6T 
TCTTCGTTTCCTTCTTTCCAACTTGAGGTGGTGGCTA6AAGAGTATAACTTTGACGGATT 
TC6ATTTGATGGAATAACTTCTATGCTGTATGTTCATCATG6AATCAATATGGGATTTAC 
AG6AAACTATAAT6AGTATT7CA6CGAGGCTACAGATGTTGATGCTGTGGTCTATTTAAT 
GTTGGCCAATAATCTGATTCACAAGATTTTCCCAGACGCAACTGTTATTGCCGAAGATGT 
TTCTGGTATGCCGGGCCTTAGCCGGCCT6TTTCTGA6GGAGGAATTGGTTTTGATTACC6 
CCTG6CAATGGCAA7CCCAGA7AAG7GGA7A6A77A777AAAGAA7AAGAATGATGAA6A 
TTGGTCCATGAA6GAAGTAACATCGAGTTTGACAAATAGGAGATATACAGAGAAGTGTAT 
A6CA7A7GCGGA6AGCCA7GA7CAG7C7A77G7C6G7GACAAGACCA7TGCA777C7CC7 
AATGAACAAAGAGATGTATTCTGGCATGTCTTGCTTGACAGATGCTTCTCCTGTT6TTGA 
TGCAGGAA77GCGC77GACAAGATGA7CCA7777777CACAA7GGCC7TGGGAG6AGAGG 
GGTACCTCAATTTCATGGGTAACGAGTTTGGCCATCCTGAGTGGATTGACTTCCCTAGT6 
AGGGCAATAATTGGAGTTATGACAAATGTAGACGCCAGT6GAACCTCGCAGATAGCGAAC 
ACTTGAGATACAAGTTTATGAATGCAT7TGATAGAGCTATGAATTCGCTCGATGAAAAGT 
TCTCATTCCTCGCATCAGGAAAACAGATAGTAAGCA6CATGGAT6ATGATAATAA66TTG 
T7G76777GAACG76G7GACC7GG7AT77G7A77CAAC77CCACCCAAA7AACACATACG 
AAGGGTATAAAGTTGGATGTGACTTGCCAGGGAAGTACAGAGTTGCACTGGACAGTGA7G 
CTTGG6AATTTGGTGGCCATGGAAGAGCTGGTCATGATGTTGACCATTTCACATCACCAG 
AAGGAATACCTGGAGTTCCAGAAACAAATTTCAATGGTCGTCCAAATTCCTTCAAAGTGC 
TGTCTCCTGCGCGAACATGTGTGGCTTATTACAGA6TTGATGAACGCATGTCATAAACTG 
AAGATTACCAGACAGACATTTGTAGT6AGCTACTACCAACAGCCAATATCGA6GAAAGTG 
ACGAGAAACTTAAAGATTCATCATCTACAAATATCAGTACATCATCTACAAAAAATGCTT 
ATTACAGAGTTGATGAAC6CATGTCAGAAGCTGAAGATTACCAGACAGACATTTGTAGTG 
AGCTACTACTACCAACA6CCAATATCGA6GAGAGTGACGAGAAACTTGAT6ATTCATTAT 
CTACAAATATCAGTAACATTGGTCAGACT6TTGTAGTTTCTGTTGAGGAGAGAGACAAGG 
AACTTAAAGATTCACCATCTGTAAGCATCATTAGTGATGCTGTTCCAGCTGAATGGGCTG 
ATTC6GATGCAAACGTCTGGGGT6A66ACTAGTCA6ATGATTGATCGATCCTTCTACGTT 
GGT6ATCTCG6TCC6TGCATGATGTCTTCAGGGT6GTAGCATTGACTGATTGCATCATAG 
TTTTTTTTTTTTTTTTTAAGTATTTCCTCTA7GCATATTATTAGCATCCAATAAA7TTAC 
7GG77677G7ACA7AGAAAAAG76CA7776CA7G7A7G7G777C7C7GAAA7777CCCCA 
G77776G7GC777GCC777GGAGCCAAG7C7C7A7A7G7AA7AAGAAAAC7AAGAACAA7 
CACA7A7A7AAAA7677A67AGA77ACCA . 



[0013] The property of the branching enzyme to modify the amylose/amylopectin ratio in starch is not limited to a 
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coding sequence exactly as it is shown here but can also be represented by slightly different nucleotid sequences. 
The property of the branching enzyme is also not changed when the plasmids containing the branching enzyme, are 
modified in the plant cell or the plant. 

[0014] To be active, the DNA sequence of the branching enzyme is fused to the regulatory sequences of other genes 
which guarantee a transcription of the DNA (coding) sequence of the branching enzyme. The DNA sequence can also 
be fused in an inverted direction to the regulatory sequences of other genes, whereby the 3'-end of the coding sequence 
is fused to the 3'-end of the promoter and the 5'-end of the coding sequence is fused to the 5'-end of the termination 
signal. In this way an anti-sense RNA of the branching enzyme is produced in the plant. The regulatory sequences are 
hereby promoters and termination signals of plant or viral genes, such as for example the promoter of the 35S RNA 
of the cauliflower mosaic virus or the promoter of the class I patatin-gene B 33 and the termination signal of the 3'-end 
of the octopine synthase gene of the T-DNA of the Ti-plasmid pTiACH5. 

[0015] Plant cells containing sequences from these plasmids can be regenerated in known manner to complete 
transgenic plants. It is possible to insert simultaneously, more than one copy of these sequences into a plant cell or plant. 
[0016] The following plasmids were deposited at the Deutsche Sammlung von Mikroorganismen (DSM) in Braun- 
schweig, Germany on the 20th August 1990 (deposit number): 



Plasmid 


P35 S-BE 


(DSM 6143) 


Plasmid 


P35 S-anti-BE 


(DSM 6144) 


Plasmid 


P33-BE 


(DSM 6145) 


Plasmid 


P33-anti-BE 


(DSM 6146) 



Description of the Figures 

25 [0017] Figure 1 shows the restriction map of the 13.6 kb plasmid P35 S-BE. The plasmid contains the following 
fragments. 
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A = 



B = 



C = 



Fragment A (529 bp) contains the 35S promoter of 
the cauliflower mosaic virus (CaMV). The 
fragment contains the nucleotides 6909-7437 of 
the cauliflower mosaic virus. 

Fragment B (2909 bp) contains the DNA fragment 
which codes for the branching enzyme. 

Fragment C (1 92 bp) contains the polyadenylation 
signal of the gene 3 of the T-DNA of the 
Ti-plasmid pTiACH5 from the nucleotide 11749 to 
11939. 



50 



[0018] Also shown are the cleavage sites described in Example 1 . 

[0019] Figure 2 shows the restriction map of the 13.6 kb plasmid P35 S-anti-BE. The plasmid contains the following 
fragments: 



C = 



Fragment A (529 bp) contains the 35S promoter of the cauliflower mosaic virus (CaMV). The 
fragment contains the nucleotides 6909 to 7437 
of the CaMV. 

Fragment B (2909 bp) contains the DNA fragment 
which codes for the branching enzyme. 

Fragment C (1 92 bp) contains the polyadenylation 
signal of gene 3 of the T-DNA of the Ti-plasmid 
pTiACH5. The fragment contains the nucleotides 
11749-11939. 
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mn?ni Also shown are the cleavage sites described in Example 2. 

E] Sre 3 showS the restriction map of the 14.6 kb plasmid P33-BE. The p.asmid conta.ns the followng frag- 
ments. 
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c = 



Fragment A (1526 bp) contains the Dral-Dral- 
f ragment of the promoter region of the patatin- 
gene B33. The fragment contains the nucleotide 
positions -151 2 to +14. 

Fragment B (2909 bp) contains the DNA fragment 
which codes for the branching enzyme. 

Fragment C (192 bp) contains the polyadenylation 
signal of the gene 3 of the T-DNA of the 
Ti-plasmid pT.ACH5. The fragment contains the 
nucleotide positions 11749-11939. 



[0022] 
[0023] 



Also shown are the cleavage sites described in Example 3. 
Rgure4^ 



B = 



C = 



Fragment A (1526 bp) contains the Dral-Dral 
fragment of the promoter region of the patatin 
gene B33. The fragment contains the nucleotide 
position -1512 to +14. 

Fragment B (2909 bp) contains the cDNA-fragment 
which codes for the branching enzyme. 

Fragment C (192 bp) contains the polyadenylation 
signal of the gene 3 of the T-DNA of the 
Ti-plasmid pTiACH5. The fragment contains the 
nucleotides 11 749-1 1 939. 
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55 



rnn?di Also shown are the cleavage sites described in Example 4. 

53 m ordeTto understand the examples forming the basis of this invention all the processes necessary for these 
tests and which are known per se will first of all be listed: 

1. Cloning process 

[0026] The vectors pUC18/19 and pUC118, and the M13mp10 series (Yanisch-Perron et al., Gene (1985), 33, 

; 0 °sr F Tp^ 

Res. (1984), 12, 8711-8720). 

2. Bacterial strains 

[0028] The E. coji strain BMH71-18 (Messing et al.. Proc. Natl. Acad. Sci. USA (1977), 24, 6342-6346) or TB1 was 

ST To^e^ZTZ^y the E. coli strain TB1 was used. TB1 is a recombinant-nega 
esfsLderi^^ 

Is (Bari barrel persona, communication): F(traD36, proAB, lad, .acZAMIS), A(lac, pro). SupE, th,s. recA. Sr1 ..Tn10 

£o301 The transformation of the plasmids into tbe potato plants was carried out by means of the Aqrobacterium 
ELS ^ LBA4404 (Bevan P M., Nucl. Acids Res. 12. 8711-8721. (1984); B.N19 denvafve). 
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3. Transformation of Agrobacterium tumefaciens 

[0031] In the case of BIN1 9 derivatives, the insertion of the DNA into the agrobacteria was effected by direct trans- 
formation in accordance with the method developed by Holsters et al., (Mol. Gen. Genet. (1978), 163, 181-187). The 
5 plasmid DNA of transformed agrobacteria was isolated in accordance with the method developed by Birnboim and 
Doly (Nucl. Acids Res. (1 979), 7, 1513-1 523) and was separated by gel electrophoresis after suitable restriction cleav- 
age. 

4. Plant transformation 

10 

[0032] 1 0 small leaves, wounded with a scalpel, of a sterile potato culture were placed in 1 0 ml of MS medium with 
2 % sucrose containing from 30 to 50 u.l of an Agrobacterium tumefaciens overnight culture grown under selection. 
After from 3 to 5 minutes gentle shaking, the Petri dishes were incubated in the dark at 25°C. After 2 days, the leaves 
were laid out on MS medium with 1 .6 % glucose, 2 mg/l of zeatin ribose, 0.02 mg/l of naphthylacetic acid, 0.02 mg/l 
is of gibberellic acid, 500 mg/l of claforan, 50 mg/l of kanamycin and 0.8 % Bacto agar. After incubation for one week at 
25°C and 3000 lux, the claforan concentration in the medium was reduced by half. The regeneration and cultivation 
of the plants were carried out according to known processes (Rocha-Sosa et al EMBO Journal 8, 23-29 (1989). 

5. Analysis of genomic DNA from transgenic potato plants 

20 

[0033] The isolation of genomic plant DNA was effected in accordance with Rogers and Bendich (Plant Mol. Biol. 
(1985), 5, 69-76. 

[0034] For the DNA analysis, after suitable restriction cleavage, 10 to 20 jxg of DNA were analysed by means of 
Southern blots for the integration of the DNA sequences to be investigated. 

25 

6. Analysis of the total RNA from transgenic potato plants 

[0035] The isolation of plant total RNA was carried out in accordance with Logemann et al. (Analytical Biochem. 
(1987), 163, 16-20). 

30 [0036] For the analysis, 50 \ig portions of total RNA were investigated by means of Northern blots for the presence 
of the transcripts sought. 

7. Protein extraction 

35 [0037] For the extraction of total protein from plant tissue, pieces of tissue were homogenised in protein extraction 
buffer (25 mM sodium phosphate pH 7.0, 2 mM sodium hydrogen sulphite), with the addition of 0.1 % (w/v) of insoluble 
polyvinylpyrrolidone (PVP). 

[0038] After filtration through cellulose, cell detritus was centrifuged off for 20 minutes at 10,000 revolutions per 
minute and the protein concentration of the supernatant was determined in accordance with the method developed by 
40 Bradford (Anal. Biochem. (1976)/ 72, 248-254). 

8. Detection of foreign proteins by means of immunological processes (Western blot) 

[0039] The protein extracts were separated according to molecular weight by means of gel electrophoresis in SDS- 
45 PAGE (sodium dodecylsulphate polyacrylamide) gels. After SDS-PAGE the protein gels were equilibrated for from 15 
to 30 minutes in transfer buffer for graphite electrodes (48 g/l of tris, 39 g/l of glycine, 0.0375 % SDS, 20 % methanol) 
and then transferred in a cooling chamber to a nitrocellulose filter and separated at 1 .3 mA/cm 2 for from 1 to 2 hours. 
The filter was saturated for 30 minutes with 3 % gelatin in TBS buffer (20 mM tris/HCI pH 7.5, 500 mM NaCI), and the 
filter was then incubated for 2 hours with the appropriate antiserum in a suitable dilution (1 :1 000 - 1 0000 in TBS buffer) 
so at room temperature. The filter was then washed for 1 5 minutes each with TBS, TTBS (TBS buffer with 0.1 % polyox- 
yethylene-(20)-sorbitan monolaurate) and TBS buffer. After being washed, the filter was incubated for 1 hour at room 
temperature with alkaline phosphatase-conju gated goat-anti -rabbit (GAR) antibodies (1:7500 in TBS). The filter was 
then washed as described above and equilibrated in AP buffer (100 mM tris/HCI pH 9.5, 100 mM NaCI, 5 mM MgCI 2 ). 
The alkaline phosphatase reaction was started by means of the substrate addition of 70 uJ of 4-nitrotetrazolium (NBT) 
55 solution (50 mg/ml of NBT in 70 % dimethyl-formamide) and 35 uJ of 5-bromo-4-chloro-3-indolyl phosphate (BCIP) (50 
mg/ml BCIP in dimethylformamide) in 50 ml of AP buffer. As a rule the first signals were observed after 5 minutes. 
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9. Determination of the amylose/amylopectin ratio in starch of transgenic potato plants. 

[0040] Leaf pieces, having a diameter of 1 0 mm were floated in 6% sucrose solution under continuous light for 1 4 
hours. This light incubation induced a strong increased starch formation in the leaf pieces. After incubation, the amylose 
and amylopectin concentration was determined according to Hovenkamp-Hermelink et al (Potato Research 31, 

The following examples illustrate the preparation of the plasmids according to the invention, the insertion of 
sequences from those plasmids into the plant cell as well regeneration of transgenic plants and the analysis of those 
transgenic plants. 

Example 1 

Preparation of the plasmid P35s-Be and insertion of the plasmid in to the plant genome of the potato. 

[0042] From a cDNA library in the expression vectorXgtl 1 , different clones were identified that cross-react with an 
antibody that is directed against the branching enzyme of potatoes. These clones were used to identify complete clones 
from a cDN A library in the Hindll-position the vector pUC 1 9 that originate from isolated mRNA of growing potato tubers. 
One clone isolated in this manner had an insert size of 2909 bp of the sequence: 
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10 20 30 40 50 60 

1 7CAGGAGCG67C77GG6A7A777C77CCACCCCAAAA7CAAGA677AGAAAAGA7GAAAG 

61 GA76AA6CACAG77CAGC7A777CCGC7G7777GACCGA76ACAA77CGACAA7GGCACC 

1 2 1 CCTAGAG6AAGAT6TCAACACT6AAAATATTGGCCTCCTAAATTTGGATCCAACTTTG6A 

181 ACCTTATCTAGATCACTTCAGACACAGAATGAAGA6ATATGTGGATCAGAAAATGCTCAT 

241 TGAAAAATATGAGGGACCCCTTGAGGAATTTGCTCAA6GTTATTTAAAATTTG6ATTCAA 

301 CAGGGAAGATGGTTGCATAGTCTATCGTGAATGG6CTCCT6CTGCTCA6GAAGCAGAAGT 

361 7A77GGC6A777CAA7G67AGGAACG677C7AACCACA76A7GGAGAAGGACCA6777GG 

421 TGTTTGGA6TATTAGAATTCCTGATGTT6ACA6TAAGCCAGTCATTCCACACAACTCCAG 

4 8 1 AGTTAAGTTTCGTTTCAAACAT6GTAAT6GAGT6TG6GTA6ATC6TATCCCTGCTTGGAT 

541 AAAGTATGCCACT6CAGACGCCACAAAGTTTGCAGCACCATATGATGGTGTCTACTGGGA 

601 CCCACCACCTTCA6AAAGGTACCACTTCAAATACCCTCGCCCTCCCAAACCCCGAGCCCC 

661 ACGAATCTACGAAGCACATGTCGGCATGAGCAGCTCTGAGCCACGTGTAAATTCGTATCG 

721 TGAGTTTGCAGATGATGTTTTACCTCGGATTAAGGCAAATAACTATAATACTGTCCAGTT 

781 GAT6GCCATAATGGAACATTCTTACTATGGATCATTTGGATATCATGTTACAAACTTTTT 

841 TGCT6TGAGCAATAGATATGGAAACCCGGAGGACCTAAAGTATCTGATAGATAAAGCACA 

901 TAGCTTGG6TTTACAGGTTCTGGTG6ATGTAGTTCACAGTCATGCAAGCAATAATGTCAC 

361 TGATGGCCTCAATG6CTT7GATAT76GCCAAGGTTCTCAAGAATCCTACTTTCATGCTGG 

1021 AGAGC6A6GGTACCATAAGTTGTGGGATAGCAGGCT6TTCAACTATGCCAATTGGGAGGT 

1081 TCTTCGTTTCCTTCTTTCCAACTTGA6GT6GTGGCTAGAAGAGTATAACTTTGACGGATT 

1141 TCGATTTGATGGAATAACTTCTATGCTGTATGTTCATCATGGAATCAATATGGGATTTAC 

1201 AGGAAAC7A7AA7GAG7A777CAGCGA66C7ACAGA7G77GA7GC7G7GG7C7A777AA7 

1261 GTT6GCCAATAATCTGATTCACAAGATTTTCCCAGACGCAACTGTTATTGCCGAAGATGT 

1321 TTCTGGTATGCCGGGCCTTAGCCGGCCTGTTTCT6AGGGAGGAATTGG7TTT6ATTACCG 

13 81 CCTGGCAATGGCAATCCCAGATAAGTGGATAGATTATTTAAAGAATAAGAATGA7GAAGA 

1441 TTGGTCCATGAAGGAAGTAACATCGAGTTTGACAAATAGGAGATATACAGAGAAGTGTAT 

1501 AGCATATGCG6AGAGCCATGATCAGTCTATTGTC6GTGACAAGACCATTGCATTTCTCCT 

1561 AATGAACAAAGAGATGTATTCTGGCATGTCTTGCTTGACAGATGCTTC7CC7GT76TTGA 

1621 7GCAGGAA77GCGC77GACAA6A7GA7CCA7777777CACAA7GGCC77GGGA6GAGAGG 

1681 6GTACCTCAATTTCATGGGTAACGAGTTTGGCCATCCTGAGTGGATTGACT7CCCTAGTG 

1741 AGGGCAATAATTGGAG7TATGACAAATGTAGACGCCAGT6GAACCTCGCAGATAGCGAAC 

1801 AC77GAGA7ACAAG777A7GAA7GCA777GA7AGAGC7A7GAA77CGC7CGA7G AAAAG7 

1861 7C7CA77CC7CGCA7CAGGAAAACAGA7AG7AAGCAGCA7GGA7GA7GA7AA7AAG677G 

1921 77G7G7776AAC676676ACCTGG7A777G7A77CAAC77CCACCCAAA7AACACA7ACG 
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1981 AA6GGTATAAAGTTGGATGTGACTTGCCAGGGAAGTACAGAGTTGCACTGGACAGTGATG 

2041 CTTGGGAATTT6GTGGCCATGGAAGAGCTG6TCATGATGTTGACCATTTCACATCACCAG 

2101 AAGGAATACCTGGAGTTCCA6AAACAAATTTCAATGGTCGTCCAAATTCCTTCAAA6TGC 

2161 TGTCTCCTGCGCGAACAT6TGTGGCTTATTACAGA6TTGATGAACGCATGTCATAAACTG 

2221 AAGATTACCAGACAGACATTTGTAGTGAGCTACTACCAACAGCCAATATCGAGGAAAGTG 

2281 ACGAGAAACTTAAA6ATTCATCATCTACAAATATCAGTACATCATCTACAAAAAATGCTT 

2341 ATTACAGAGTT6ATGAACGCATGTCAGAAGCTGAAGATTACCAGACAGACATTTGTAGT6 

2401 AGCTACTACTACCAACAGCCAATATCGAGGA6AGT6ACGAGAAACTTGATGA7TCATTAT 

24 61 CTACAAATATCAGTAACATTGGTCAGACT6TTGTAGTTTCTGTTGAGGAGA6AGACAAGG 

2521 AACTTAAA6ATTCACCATCTGTAAGCATCATTAGTGATGCTGTTCCAGCTGAATGGGCTG 

2581 ATTCGGATGCAAACGTCTGGG6TGA6GACTA6TCAGATGATTGATCGATCCTTCTACGTT 

2641 GGTGATCTCGGTCC6T6CATGATGTCTTCAGGGTGGTAGCATTGACTGATTGCATCATAG 

2701 TT7TTTTTTTTTTTTTTAAGTATTTCCTCTATGCATATTATTAGCATCCAATAAATTTAC 

2761 TGGTT6TTGTACATAGAAAAAGTGCATTTGCATGTATGTGTTTCTC7GAAAT7TTCCCCA 

2821 6TTTTG6TGCTTTGCCTTTGGA6CCAAGTCTCTATATGTAATAAGAAAACTAAGAACAAT 

2881 CACATATATAAAATGTTAGTAGATTACCA . 



[0043] The 2909 bp long c-DNA contained in this clone was used for the next examples and is called cBE. 
[0044] For the preparation of a plasmid p35s-BE, this cDNA was provided with the promoter of the 35s- RN A of the 
cauliflower mosaic virus as well as the polyadenylation signal of the octopine synthase gene of the Ti-plasmid pTiACH5. 
For this the orientation of the C-DNA coding for the branching enzyme was chosen in such a way that the coding strain 
will be readable (sense-orientation). The plasmid p35s-BE has a size of 13.6 kb and comprises the three fragments 
A, B and C which were cloned into the cleavage sites of the polylinker of BIN1 9. 

[0045] Fragment A (529 bp) contains the 35s promoter of the cauliflower mosaic virus (CaMV). The fragment contains 
the nucleotides 6909 to 7437 of the CaMV (Franck et al. t Cell 21, 285-294). It was isolated as EcoRI-Kpnl-fragment 
from the plasmid pDH51 (Pietrzak et al, Nucleic Acids Research 14, 5857-5868) and was cloned between the EcoRI- 
Kpnl-cleavage position of the polylinker of the plasmid BIN 19. 

[0046] Fragment B contains a 2909 bp cDNA fragment cBe which codes for the branching enzyme. It was cut out 
as Hindlll-Smal-fragment of the vector pUC 19 and was cloned into the Smal-position of the polylinker of BIN 19 after 
filling-in of the Hind-ill-position with DNA polymerase. For this the orientation of the cDNA was chosen in such a way 
that the coding strand is readable and a sense-RNA is formed. The cleavage sites BamHI/Xbal and Pstl/Sphl originate 
from the polylinker of pUC 19. The cleavage sites BamHI/Xbal/ Sall/Pstl originate from the polylinker of BIN 19. The 
two EcoRI cleavage sites located on the fragment B are internal cleavage sites of the fragment. 
[0047] Fragment C (1 92 bp) contains the polyadenylation signal of the gene 3 of the T-DN A of the Ti-plasmid pT!ACH5 
(Gielen et al EM BO J. 3, 835,846), nucleotides 11749-11939, which are isolated as Pvull-Hindlll fragment from the 
plasmid pAGV 40 (Herrera-Estrella et al (1983) Nature 303, 209-213) and were then cloned onto the Pvull cleavage 
site between the Sphl-Hind-lll cleavage site of the polylinker of BIN 19, after addition of Sphl linkers (see Fig 1). 
[0048] The plasmid p35s-BE was transferred into potatoes with the help of the agrobacterial system. After this whole 
plants were regenerated. Protein extracts isolated from tubers of these plants were tested for the existence of the 
branching enzyme using the western blot analysis. Further, tubers of these plants were tested for the content of amylose 
and amyiopectin. 
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Example 2 

Preparation of the plasmid p35s-anti-BE and introduction of the plasmid the plant genome of potato. 

5 [0049] In a similar manner to that described in Example 1 , the plasmid p35s-anti-BE was prepared, but the orientation 
of the designated cDNA of the branching enzyme was inverted relative to the 35 S promotor. The plasmid p35s-anti- 
BE has a size of 13.6 kb and comprises the three fragments A, B and C which were cloned in the cleavage sites of 
the polylinker of BIN19. 

[0050] Fragment A (529 bp) contains the 35s promoter of the cauliflower mosaic virus (CaM V). The fragment contains 
10 the nucleotides 6909 to 7437 of the CaMV (Franck et al. Cell 21 , 285-294), and was isolated as EcoRI-Kpnl-fragment 
from the plasmid pDH51 (Pietrzak et al Nucleic Acids Research 14, 5857-5868) and cloned between the EcoRI-Kpnl- 
cleavage site of the polylinker of the plasmid BIN 19. 

[0051] Fragment B contains the 2909 bp cDNA fragment cBE which codes for the branching enzyme. It was cut from 
the Hindlll-Smal-fragment of the vector pUC 19 and cloned in the Smal-position of the polylinker BIN 1 9 after filling in 
15 of the Hindi 1 1 -position with DNA polymerase. The orientation was chosen in such a way that the non-coding strand is 
readable and an anti-sense-RNA is formed. The cleavage sites Sphl, Pstl and Xbal, BamHI, Smal originate from the 
polylinker pUC 19. The cutting positions Bam Hl/Xba I/Sal l/Pstl originate from the polylinker of BIN 19. The two EcoRI 
cleavage sides contained on the fragment B are internal cleavage sides of this fragment. 

[0052] Fragment C (1 92 bp) contains the polyadenylatton signal of gene 3 of the T-DNA of the Tl-plasmid p7iACH5 
20 (Gielen et al EM BO J 3, 835-846), nucleotides 11749-11939, which were isolated as Pvull-Hindlll-fragment from the 
plasmid pAGV 40 (Herrera-Estrella et al (1983), and which were cloned between the Sphl-Hindlll-cleavage position 
of the polylinker of BIN 19 after addition of Sph-l-linkers to the Pvu-ll-cleavage position (see Fig 2). 
[0053] The plasmid p35s-anti-BE was transferred into potatoes using the agrobacterial system. After this whole plants 
were regenerated. 

25 [0054] Protein extracts, which had been isolated from tubers of these plants, were tested for the existence of the 
branching enzyme using the western blot analysis. Tubers of these plants were also tested for the content of amylose 
and amylopectin. 

Example 3 

30 

Preparation of the plasmid p33-BE and introduction of the plasmid into the plant genome of the potato. 

[0055] In a similar manner to that described in Example 1 , the plasmid p33-BE was prepared, but replacing the 35s 
promoter with the promoter of the class I patatin-gene B33 (Rocha-Sosa et al EMBO J 8 23-29). The plasmid p33-Be 
35 has a size of 1 4.6 kb and consists of the three fragments A, B and C that were cloned into the cleavage position of the 
polylinker of BIN 19. 

[0056] Fragment A contains the Dral-Dral-fragment (position -1512 to position +14) of the promoter region of the 
patatin-gene B33 (Rocha-Sosa et al EMBO J 8. 23-29), which was first of all cloned into the Sacl-position of the 
polylinker of pUC 18. For this the overhanging 3'- end of the Sac-l-cleavage site had been rendered blunt by T4-DNA 
40 polymerase. After this the EcoRI-BamHI-fragment was inserted between the EcoRI-BamHI-position of the polylinker 
of BIN 19. 

[0057] Fragment B contains the 2909 bp cDNA fragment cBE which codes for the branching enzyme. It was cut out 
as Hindlll-Smal-fragment from the vector pUC 19 and was cloned into the Smal-position of the polylinker of BIN 19 
after the Hind Ill-position was filled in with DNA polymerase. For this the orientation of the cDNA was chosen in such 

45 a way that the coding strand was readable and a sense-RNA was formed. The cleavage sites BamHI/Xbal and Pstl/ 
Sphl originate from the polylinker of pUC 19. The cutting positions BamHI/Xbal/Sall/Pstl originate from the polylinker 
of BIN 19. The two EcoRI -cleavage sites contained on the fragment B are internal cleavage sites of this fragment. 
[0058] Fragment C (192 bp) contains the polyadenylation signal of gene 3 of the T-DNA of the Ti-plasmid PtiACH5 
(Gielen et al EMBO J 3, 835-846, Nucleotide 11749-11939), which was isolated as Pvu-ll-Hindlll-fragment from the 

so plasmid pAGV 40 (Herrera-Estrella et al (1 983) Nature 303, 209-213) and which was cloned between the sphl-Hindlll- 
cleavage site of the polylinker of BIN 19 after addition of Sphl-linkers to the Pvull-cleavage site. 
[0059] The plasmid p33-BE was transferred into Agrobacteri urn tumefaciens and used for the transformation of potato 
plants. 

55 
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Example 4 

Preparation of the plasmid p33-anti-BE and introduction of plasmid into the plant genome of potato. 

5 [0060] In a similar manner to that described in Example 2, plasmid p33-anti-BE was prepared but replacing the 35S- 
promoter with the promoter of the class I patatin-gene B33 (Rocha-Sosa et al EMBO J 8, 23-29). The plasmid p33-anti- 
Be has a size of 1 4.6 kb and consists of three fragments A, B and C which were cloned into the cleavage sites of the 
polylinkerof BIN 19. 

[0061] Fragment A contains the Dral-Dral-fragment (position -1512 to position +14) of the promoter region of the 

10 patatin-gene B33 (Rocha-Sosa et al EMBO J 8, 23-29) which was firstly cloned into the Sacl-position of the polylinker 
of pUC 1 8. The overhanging 3'-ends of the Sacl-cleavage site were rendered blunt by T4-DNA polymerase. After this 
the fragment was inserted as EcoRI-BamHl-fragment between the EcoRI-BamH I -position of the polylinkerof BIN 19. 
[0062] Fragment B contains the 2909 bp cDN A fragment cBE which codes for the branching enzyme. It was cut out 
as Hindlll-Smal-fragment from the vector pUC 18 and after filling in the Hindlll-position with the DNA polymerase, it 

is was cloned into the Smal-position of the polylinker of BIN 1 9. For this the orientation of the cDNA was chosen in such 
a manner that the non-coding strand was readable and anti-sense-RNA could be formed. The cutting positions Sphl, 
Pstl and Xbal, BamHI, Smal originate from the polylinker of pUC 1 9. The cutting positions BamHI/ Xbal/Sall/Pstl orig- 
inate from the polylinker of BIN 19. The two EcoRI cleavage sites which are located on the fragment B are internal 
cleavage sites of the fragment. 

20 [0063] Fragment C (1 92 bp) contains the polyadenylation signal of the gene 3 of the T-DNA of the Ti-plasmid pTiACH5 
(Gielen et al EMBO J 3, 835-846), Nucleotides 11749-11939), which had been isolated as Pvull-Hindlll-fragmentfrom 
the plasmid pAGV 40 (Herrera-Estrella et al (1983), Nature 303, 209-213) and which was cloned between the Sphl- 
Hind Ill-cleavage site of the polylinker of BIN 1 9 after addition of Sphl-linkers to the Pvull cleavage sites. 
[0064] The plasmid p33-anti-BE was introduced in Agrobacterium tumefaciens and was used for the transformation 

25 of potato plants. 

Example 5 

[0065] The nucleotides 1 66-2909 of the 2909 bp cDNA sequence described in Example 1 , that codes for the branch- 
30 ing enzyme in the Hind 1 1 -cleavage site of the cloning vector pUC 19 were inserted into the corresponding cleavage 
sites of the polylinker of the cloning vector pUC 18. This makes possible a fusion of the N-end of the ct-peptide of the 
p-galactosidase located on the vector with a part of the branching enzyme. The functionality of the resulting fusion 
protein was tested in a mutant of Escherichia coli (KV 832) which is deficient in the branching enzyme (Kiel et al Gene 
78, 9-17). Cells transformed with this construction were plated out on YT-agar plates containing 0.5% glucose. The 
35 resulting colonies were stained with Lugolscher solution. The transformed plant cells showed a yellow-red colour in 
contrast to the blue coloured un-transformed plant cells which indicates the branching activity of the fusion protein (Kiel 
et al Gene 78, 9-17). An over-production of this protein in Escherichia coli enables the use as technical enzyme. 



40 Claims 

1. A transgenic plant transformed with a DNA sequence comprising the coding sequence of a branching enzyme, 
wherein the DNA sequence contains information that causes changes in the carbohydrate concentration and the 
carbohydrate composition in regenerated plants, after insertion into the plant genome. 

45 

2. The transgenic plant according to claim 1 , wherein said DNA sequence comprises Seq ID No. 1 . 

3. The transgenic plant according to claim 1 or 2, wherein said DNA sequence is fused to regulatory sequences of 
other genes in an inverted direction. 

50 

4. The transgenic plant according to any of claims 1 to 3, said plant producing an antisense RNA of the branching 
enzyme gene. 

5. The transgenic plant according to any of claims 1 to 4 which is maize, barley, wheat, rice, pea, soya bean, sugar 
55 cane, sugar beet, tomato, potato or tobacco. 

6. A cell of the transgenic plant according to any of claims 1 to 5 transformed with a DNA sequence comprising the 
coding sequence of a branching enzyme, wherein the DNA sequence contains information that causes changes 
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in the carbohydrate concentration and the carbohydrate composition in regenerated plants, after insertion into the 
plant genome.. 

7. A DNA sequence comprising the coding sequence of a branching enzyme, wherein the DNA sequence contains 
s information that causes changes in the carbohydrate concentration and the carbohydrate composition in regener- 
ated plants, after insertion into the plant genome. 

8. The DNA sequence according to claim 7, which is Seq ID No. 1 . 

10 9. Use of a DNA sequence according to claim 7 or 8 for the production of a transgenic plant cell or plant, wherein 
the amylose/amylopectin ratio of the starch is modified. 

10. Use of a DNA sequence according to claim 7 or 8 for the production of a transgenic plant cell or plant, wherein 
said plant cell or plant is a commercially useful plant. 

15 

11. Use of a DNA sequence according to claim 7 or 8 for the production of a transgenic plant cell or plant, wherein 
said plant cell or plant is maize, barley, wheat, rice, pea, soya bean, sugar cane, sugar beet, tomato, potato or 
tobacco. 

20 12. Use of a DNA sequence according to claim 7 or 8 for the production of an antisense RNA in a transgenic plant cell 
or plant. 

13. Use of a DNA sequence according to claim 7 or 8 fused in an inverted direction to regulatory sequences of other 
genes for the production of an antisense RNA in a transgenic plant cell or plant. 

25 
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